Glass shards with a diameter of 63-150 μm were separated from sandstones following the method of Cassel et al. (2009) . One group of eight samples was processed in three aliquots and SEM pictures were taken to understand the impact of clay alteration on glass D values. The three aliquots include (1) samples washed with DI water in ultrasonic bath for 5 minute; (2) samples soaked in 10% (NaPO 3 ) 6 (dispersant) solution in ultrasonic bath for 5 minute, then left in the solution for two hours before repeated DI water wash; (3) samples treated with 5% HF for ~30 seconds and washed in DI water. Because we find 5% HF can effectively remove clay alteration, we adopted this processing method to all the samples. The pretreatment yields glass samples with >95% purity. Approximately 1.5-2 mg, depending on water content, of pure glass shards were enclosed in silver foil, dried under vacuum, and then immediately flushed with dry He gas within a zero-blank auto-sampler. Samples were combusted at 1450 °C in the glass carbon reduction furnace of a Finnegan TC/EA, and the reducing H 2 gas was carried by dry He gas into a Finnegan Delta V mass spectrometer for hydrogen isotope analysis. The analyses were conducted in the Environmental Isotope Laboratory at the University of Arizona.
D values (Sharp, 2007) .
The gradual increase of D vg values also cannot be simply caused by decreasing the proportion of winter precipitation through time. At present, North American Monsoon brings moisture with high D values from tropical and subtropical oceans to the study area during summer months, whereas during winter months, moisture is mainly transported from the high-latitude Pacific and has low D values (Bryson and Hare, 1974; Ingraham and Taylor, 1991) . The increase in summer precipitation amount relative to winter precipitation should lead to increase in mean annual precipitation D values. However, the North America Summer Monsoon was strong during the warming period in the Late Cretaceous and early Paleogene (Sewall and Sloan, 2006) , and the intensity should have decreased during the middle-late Cenozoic due to the southward migration of the Mississippi Embayment (Hosman, 1991) and cooler global climate (Zachos et al., 2001) . Additionally, the winter precipitation amount in our study area should be very low because the high Cordillera hinterland acted as an orographic barrier as early as late Eocene (Mix et al., 2011; Chamberlain et al., 2012) . Swisher and Prothero, 1990; Swisher and Prothero, 1990; MacFadden and Hunt, 1998 Swinehart and Stout et al., 1971; Izett, 1975; Swinehart et al., 1985; MacFadden and Hunt, 1998 MacFadden and Hunt, 1998 Love, 1961; 1970 Love, 1961 Scott, 2002; Cassiliano, 2008 Love, 1961 Anders et al., 2009 Izett, 1975 Honey and Izett, 1988 Browns Park Fm.
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